of the Institute of Animal Science. Each year the calving season extended from January to March. The course of parturition was scored according to the methodology of the Czech Beef Breeders Association (ČSCHMS, 2007) using a 4-point scale: 1 -spontaneous calving (no assistance required); 2 -easy calving (assistance of 1-2 persons); 3 -difficult calving (assistance of 3 or more persons or a veterinarian); 4 -caesarean section. The calves were weighed within 24 h after calving, and 8 body measurements were taken within 48 h after calving (height at the sacrum, height at the withers, head circumference, chest girth, head width, width at the hips and thurls, and pelvic length). The dams were weighed 2 months prior to calving, and their external pelvic measurements (width at the hips, thurls and pins, pelvic length) and internal pelvic measurements (pelvic height and width; measured with a pelvimeter) were taken 2 to 5 months after parturition. The pelvic area was calculated as the product of the internal pelvic height and width (Gaines et al., 1993; Murray et al., 1999; Nogalski, 2003) . In addition, the following ratios were calculated: (a) dam pelvic area to calf birth weight; (b) dam weight before calving to calf birth weight.
The data were analysed using the GLM procedure of SAS (SAS, 2001) . To evaluate the relationships between the body measurements of cows and the course of parturition, the following Equation 1 was used:
Equation 1:
where: μ = average value of dependent variable Y i = fixed effect of the year of calving (i = 1-4) P j = fixed effect of dam parity (j = 1-3) A k = alternative effect (k = 1-2) e ijkl = residual effect (random error) To evaluate the relationships between body weight and measurements of calves and the course of parturition or the incidence of stillborn calves, the following Equation 2 was used:
: = fixed effect of the year of calving (i = 1-4) P j = fixed effect of dam parity (j = 1-3) S k = fixed effect of the sex of calves (k = 1-2) F l = fixed effect of the sire of calves (l = 1-7)
A m = alternative effect (m = 1-2) e ijklmn = residual effect (random error)
In Equations 1 and 2, the following alternative effects were used: (a) fixed effect of the course of parturition score; (b) fixed effect of dams with live-or stillborn calves. Due to the low frequency of parturitions scored 2 and 3 and no caesarean section performed, groups 2, 3, and 4 were combined into a single group. Therefore, the course of parturition score used for these calculations was finally either 1 (spontaneous calving) or 2 (calving with assistance).
Pearson's correlation coefficients were calculated using the CORR procedure. To account for differences in frequencies, the course of parturition class values were transformed to the standard normal distribution. Each dam parity × sex of calves frequency was transformed to a number from an underlying normal distribution that matches the frequency (NRS, 2007) .
RESULTS AND DISCUSSION
The proportion of variability explained by the used model is given in Table 1 . While the effect of year was not significant for any of the observed traits, the effect of sire (used in Equation 2) significantly affected the birth weight of calves and most of the body measurements. However, these effects were not the subject of our research, and therefore they were not further analysed in this paper. A total of 66 (76.7%) parturitions occurred spontaneously (score 1), 16 (18.6%) with the assistance of 1-2 persons (score 2), 4 (4.7%) parturitions were evaluated as difficult (score 3), while no caesarean section (score 4) was performed. Table 2 shows the number of observations and the average course of parturition score in each evaluated class. It is evident that a higher frequency of difficult calvings was observed in cows delivering stillborn calves compared to those delivering liveborn ones, in first-calvers compared to older cows, and when a male calf was born.
The body weight and measurements of cows and calves grouped according to the course of parturition score are given in Table 3 . Cows delivering spontaneously had larger measurements of internal pelvic height (P < 0.01), and a similar tendency was observed in internal pelvic width (P < 0.05). As a result, the calculated pelvic area was significantly greater (12.7%; P < 0.01) in cows with spontaneous calving than in cows calving with assistance. Similar differences in the pelvic area in relation to the calving difficulty score were determined in 2-years-old beef heifers (Naazie et al., 1989) . Murray et al. (1999) reported a 12 to 13% larger pelvic area in Belgian Blue cows calving unassisted compared to those delivering with assistance or by caesarean section. In our study, the external pelvic measurements were also slightly greater in cows calving without assistance, but no significance was noted. The birth weight of spontaneously delivered calves was 1.2 kg (2.8%) lower but with no significance observed. However, a significant increase in calf birth weight associated with more complicated parturitions was reported in Holsteins (Nogalski, 2003) , Angus heifers (Tozer et al., 2002) and Belgian Blue cows (Fiems et al., 2001) . In agreement with the findings of Gaines et al. (1993) , a significant difference (P < 0.05) between both groups analysed was found in the ratio of the pelvic area of the dam to the birth weight of the calf, suggesting that this ratio is strongly related to calving difficulty. Table 4 shows body weights and measurements of dams and calves with regard to the delivery of liveborn or stillborn calves. The dams of stillborn calves had lower measurements of internal pelvic height (P < 0.01), width (P < 0.05), pelvic area (P < 0.01), width at the hips (P < 0.01), and width at the pins (P < 0.05). The pelvic area of the dams that gave birth to live calves was 18.3% greater than in the dams with stillborn calves. Accordingly, a 9.5% larger pelvic area was observed in Belgian Blue cows with liveborn calves compared to those with stillborn calves (Murray et al., 2002) .
The effect of parity on the characteristics analysed is given in Table 5 . The parity of the dam significantly affected the live weight of the cows before calving, with the heaviest being at third or higher parity (P < 0.001). The oldest cows also had a 12.6% larger pelvic area (P < 0.05) and larger external pelvic measurements (P < 0.05) compared to primiparous cows. Similarly, Coopman et al. (2003) reported that both external and internal pelvic measurements were positively correlated with age. In our study, the differences between primiand multiparous cows in the birth weight of calves were small and insignificant. Similar results were reported for the Holstein breed (Nogalski, 2003) but, on the contrary, significantly different birth weights of Charolais and Hereford calves from first-calvers and higher parity cows were observed by Eriksson et al. (2004) . The results of Naazie et al. (1989) show that the relationship between the birth weight of the calf and the weight of the dam is more important for predicting calving difficulty than the calf birth weight itself. Indeed, a broader ratio of dam weight to calf birth weight for primiparous compared to third parity and older cows (P < 0.01) was obtained in our study. As the birth weight was not affected by parity, this ratio may provide a plausible explanation of the higher occurrence of difficult calvings in primiparous cows in our experiment. Our findings are also in agreement with the conclusion drawn from the review by Meijering (1984) that the ratio between calf size and effective pelvic dimensions is more critical in primiparous than in older cows. In addition, the difference between primiparous and older cows in the incidence of difficult calving may also be associated with the fact that the cows with the difficult first calving are often removed from the herd (Štráfelda, 1990) .
Birth weights and measurements of calves as affected by sex are presented in Table 6 . Bull-calves were 10.2% heavier at birth than heifers (P < 0.01). Higher birth weights of bulls compared to heifers were also reported in other cattle breeds, e.g. in Slovak Fleckvieh by 8.6% (Strapák et al., 2000) and in Belgian Blue by 8.4% (Coopman et al., 2004) . In a study analysing growth traits in beef breeds raised in Slovakia (Krupa et al., 2005) , both malessingles and males-twins had higher birth weights than females-singles and females-twins by 9.8 and 7.9%, respectively. The differences in birth weights between beef breeds in north-western Poland (Red Angus, Salers, Hereford, Limousin, and Simmental) ranged from 2.3 to 7.4%. (Pilarczyk and Wójcik, 2007) . In our study, the higher birth weight of bulls resulted in their significantly larger body measurements compared to heifers, except for the width of head, width at hips, and width at thurls. Accordingly, Holstein bull-calves had higher measurements of chest girth and, in addition, fore cannon circumference (Nogalski, 2003) . Similarly, higher withers height, hearth girth, and shoulder width of newborn Belgian Blue bulls compared to heifers were also reported (Coopman et al., 2004) .
As published in a review by Holland and Odde (1992) , the birth weight of a calf ranges from 5 to 10% of the weight of its dam. This proportion reported by Nogalski (2003) for Holstein calves is 7.34%, while in our study it was 6.09%.
The results of the correlation analysis are given in Table 7 . While no significant correlations were determined between the pelvic measurements of the dams and the birth weight of the calves, moderate to high correlation coefficients ranging from r = 0.60 to r = 0.76 (P < 0.001) were calculated between the birth weight and body measurements of the calves.
The correlation coefficient for the relationship between the course of parturition and the birth weight of the calves was r = 0.34 (P < 0.01). Similar phenotypic correlations were also determined by Hradecká (2002) in Charolais (r = 0.44), Blonde d'Aquitaine (r = 0.42), Limousin (r = 0.28), and by Nogalski (2003) in Holstein cattle (r = 0.27). Negative correlations were observed between the course of parturition score and the internal pelvic measurements of the dams, indicating that a smaller pelvic size was associated with an increased risk of calving difficulty. The relationship between the pelvic area and the course of parturition (r = -0.26) was, however, not as close as that reported by Nogalski (2003) in Holsteins (r = -0.51). Except for chest girth, height at withers, pelvic length (P = 0.0880) and circumference of head (P = 0.0627), body measurements of the calves were positively and significantly correlated with the course of parturition score. The highest correlation coefficient (r = 0.32) was found for the width at hips (P < 0.01). It is therefore suggested that the size and shape of calves are also related to the frequency of complicated calvings.
CONCLUSIONS
The results of this study indicated that the internal pelvic measurements of the dam and the size and shape of the calf were the factors influencing the calving difficulty in Gascon cattle to the largest extent. Pelvic area measurements and calf birth weight have the potential to be used as a selection tool to reduce the risk of difficult calvings in a beef herd. 
